The large diversity of flavonoid metabolites in vivo makes their proper detection and quantification difficult in the absence of pure standards. Indeed, flavonoids are extensively metabol ized to different conjugated derivatives (methyl ethers, glu curonides, sulfates) that are likely to be the circulating forms able to reach their metabolic targets. To study the activity of these circulating metabolites, these compounds must be available as standards. However, most of these compounds are not commercially available and hence have to be prepared in the laboratory.
Amongst redwine flavonoids, anthocyanins are the most difficult to track in vivo. The human metabolism of antho cyanins is poorly described in the literature, with scarce in formation on the biological effects of their metabolites. A new study led by Dr. Luis Cruz and Dr. Iva Fernandes at the Uni versity of Porto (Portugal) has recently investigated this issue.
"Anthocyanins are naturally occurring polyphenols be longing to the group of flavonoid compounds widely found in plants. These pigments are responsible for the color of many flowers, leaves, seeds, fruits and vegetables ranging from red to purple and blue," said Dr. Fernandes, who added: "In vitro and in vivo studies have demonstrated that anthocyanins may offer potentially beneficial effects to human health because of their biological properties such as antiaging, anticancer, anti inflammatory, antiinfection and antidiabetes. Epidemiologi cal evidence suggests that the ingestion of high proportions of anthocyanins in the diet may contribute to lowering the risk of cardiovascular events such as hypertension and stroke." However, it is recognized that the in vivo anthocyanin bioactive forms do not always correspond to the native forms, but rather consist of conjugates or metabolites originating from the original anthocyanins after absorption.
1 "Antho cyanins are rapidly absorbed in the stomach and small in testine and then they appear in plasma and urine as intact, methylated, glucurono and/or sulfoconjugated forms. 2, 3 This enterohepatic recycling opens a new field of interest that re mains a challenge: unravelling the biological properties of anthocyanin metabolites," explained Dr. Fernandes.
Dr. Fernandes said: "In 2009, an enzymatic approach to obtain anthocyanin metabolites seemed the best option for this type of flavonoid in order to overcome their low stabili ty under the conditions used for their chemical synthesis (pH and temperature). 4 Some anthocyanin metabolites (methyl ated, glucuronides and glutathione adducts from cyanidin and delphinidin3glucosides) were obtained through that enzymatic approach." 4 Some of these standards -such as delphinidin3gluco side, cyanidin3glucoside and petunidin3glucoside methylated metabolites -were then tested against several biological properties, antiradical and reducing properties and also their antiproliferative effects against different cancer cell lines (MKN28, Caco2 and MCF7).
5 "The methylated meta bolites were found to still retain significant radical scavenging activity and reducing activity, suggesting that they could act as potential antioxidants in vivo," said Dr. Fernandes, adding: "The conjugation with methyl groups decreased or did not al ter the antiproliferative effect of the native anthocyanins. This report investigated the biological meaning of the new circula ting molecules that are produced by the human body in res ponse to the ingestion of phytochemicals."
Other important cyanidin3glucoside metabolites, na mely methylated and glucuronylated in positions 4′ and 7, re spectively, were chemically synthesized by the same research group, following the strategy of aldol condensation reaction between a salicylic aldehyde and an acetophenone derivative, which had been previously prepared. 6, 7 This strategy allowed the research team to obtain useful amounts of these standards for rapid and correct identification in biological samples. Dr. Fernandes explained: "Recently, in a crossover trial with healthy volunteers who ingested a blackberry puree, the purified standards allowed our group to identify the posi tion of insertion of the glucuronyl group and methyl group in the metabolites detected in plasma and urine samples. , where volunteers consumed 180 mg of red wine anthocyanin extract in a sugarsweetened yogurt," she said, "the authors were already able to identify some anthocyanin metabolites in plasma."
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"Identification of the metabolites originating in vivo is often compromised, which restricts the comprehension of the metabolic pathways followed by anthocyanins after absorp tion," said Dr. Fernandes. She continued: "Usually, it is only possible to determine the type of conjugation that occurs after anthocyanin absorption, but it is not possible to ascertain the position where that insertion takes place. This is quite import ant since different molecules may have different biological activities."
In a work registered in clinicaltrials.gov under the code NCT02975856, a similar human trial was performed with the ingestion of red wine as source of anthocyanins, especially malvidin3Oβglucoside (Mv3glc). 12 After analysis of urine and plasma samples, glucuronidation was clearly identified as the main metabolic pathway, although the detailed mechan ism was still missing.
"Firstly, and inspired by the in vivo enzymatic assay, the enzymatic hemisynthesis was performed with the coaddi tion of glucosidase and UGT protein source in the presence of the main red wine anthocyanin," explained Dr. Fernandes. This approach was not very successful, since after glucose re moval the anthocyanins started to precipitate in the buffer system and degraded rapidly. "The other possibility was to collect the corresponding peak, purify it and perform NMR analysis to ascertain its structure; however, this would be al most impossible due to the low sample quantities and qui te hard and timeconsuming work," said Dr. Fernandes, who continued: "To overcome these limitations, synthesis of the most probable main conjugate to be detected after red wine ingestion (malvidin3Oβglucuronide) 13 was successfully performed (Figure 1 ) following the chemical synthesis strate gy previously developed by our research group." 6,7
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Figure 1 Schematic representation of the metabolic pathway of red wine anthocyanins during absorption and the chemical synthesis approach followed to obtain the main red wine pigments. CGB: Cytosolic-β-glucosidase; UGT: Uridine 5′-diphospho-glucuronosyltransferase; Glucr3AcMe: 2,3,4-tri-O-acetyl-α-D-glucopyranuronic acid methyl ester.
